ABSTRACT A diffusion model ofthe modification ofmutation rates at a heterotic locus in a finite population is examined. An asymptotic analysis assuming strong selection and weak linkage shows that selection can operate on mutation rates in this setting. There exists a favored mutation rate which is a function only of the equilibrium allele frequency of the heterotic locus and the population size. It is independent ofthe strength ofselection at the heterotic locus. Computer simulations are also provided to show that this form of natural selection can occur.
In this paper, a novel approach to the study of selection of mutation rates is presented which does not involve a changing environment. I postulate that the primary locus is undergoing heterotic selection in a finite population and that the modifier locus affects the mutation rate at the primary locus. In this situation, if there is no mutation at the primary locus it will eventually become monomorphic. This is clearly a suboptimal state for the population. One might expect an allele at the modifier locus which causes mutation at the primary locus to be favored. I will show that this is indeed the case. Furthermore, I will show that selection will always move the mutation rate toward an intermediate value which depends only on the equilibrium frequency of the heterotic locus.
THE DIFFUSION MODEL Consider a diploid species with two alleles segregating at the primary locus. Let the fitnesses of the genotypes A1A1, A1A2, and A2A2 be 1 -sl, 1, and 1-s2, respectively. Define m = S2J(S1 + S2) as the deterministic equilibrium of the heterotic locus and define s = 2N(sl + s2) in which N is the effective population size. Let the mutation process between A1 and A2 be symmetric at the rates ul, (ul + u2)/2, and u2 when in the presence of the MAM1, M1M2, and M2M2 genotypes at the modifier locus. Define vi = 2Nui. Let R be the probability of a recombinational event between the A and M loci, and define r = 2NR.
With these assumptions and definitions, ifwe fix r, s, m, vi, and v2 and allow N to increase, we obtain the following diffusion model for the frequency of the A1 allele (Pl), the frequency of the M1 allele (P2), and the linkage disequilibrium (D):
In this system, qj = 1-pi and v = p2v1 + q2v2.
We wish to obtain the fixation probability of the M1 allele, given an arbitrary initial condition for the diffusion. This probability will indicate the direction of selection for a given set of parameters. Calculation of the fixation probability requires the solution of the backward equation corresponding to [1] . I have been unable to obtain the solution so an asymptotic approximation will be presented for large r and s. 
We could, ofcourse, obtain the complete solution to this linearized process. However, we only require the expectation of sD(m-pl) with respect to the stationary distribution of the linearized system. This is because the dynamics of D This diffusion has a small drift coefficient (of order 1/r), so we can approximate the fixation probability given an initial frequency for the Ml allele of P2 as
where
This is the main result.
DISCUSSION
The asymptotic analysis yields an expression for the fixation probability of the M1 allele. If selection could not operate on the modifier locus, we would expect HI(P2) = P2 as for a neutral allele. This is clearly not the case. The main property of this model is that there exists a mutation rate toward which selection always moves. This rate is v* = m(1-m)/4(1/2_M)2, [6] or, in terms ofthe actual, rather than the scaled, mutation rates, U rn(1-rn) [7] 8*=2N *4(1/2-M)2 [7 Diffusion process 4 and the fixation probability 5 are both independent of the strength of selection, s, on the primary locus. This appears to be because of two conflicting influences of s on the process. On the one hand, s is going to affect the total selection in the system, so increases in s should lead to increased selection at both the primary and modifier loci. However, as s increases, the allele frequency Pi is held more closely to m so that the term (pi-rm) in E(dp2) becomes smaller. It just so happens that this term is exactly of order l/s, so s times this term becomes independent of s.
Notice that the favored (unscaled) mutation rate u* is proportional to 1/2N. As population size increases, the favored mutation rate becomes quite small. Because selection on mutation rates in the case ofmutation-selection balance always tries to minimize mutation rates (6) 
